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ABSTRACT 


The save and fast manufacturing are required in order to achieve 5G 
technology. However, there are many kinds of manufacturing antenna which 
are depending on material applied in the antenna itself. Each type of 
manufacturing also has its own advantages and drawback. In this article, a 
graphene antenna for 5G applications is manufactured using screen printing 
method. A fine mesh resolution of 120 um is used to print the antenna 
accurately. This kind of printing has capability to produce antenna in less 
than 5 minutes. The antenna made by conductive graphene ink has size of 
11.8 x 12.2 x 0.076 mm? and produced within a small amount of graphene 
ink. The measured antenna resonates at 15.04 GHz with reflection coefficient 
magnitude of -12.05 dB and percentage of impedance bandwidth is 30 % 
which is in the range of 13.3 to 18.0 GHz. The radiation pattern at E-plane 


Graphene ink and H-plane of the graphene antenna are simulated and measured where the 
Screen printing result obtained are comparable. 
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1, INTRODUCTION 

In the rapid of wireless communication technology development towards fifth generation (5G), 
the number of mobile data volume per area and number of connection devices increase more than ten times 
as well as the increasing of user data rate [1]. This phenomenon directly affecting the growing of cost 
pressure, efficiency and scalability due to the traffic volume explosion [1, 2]. Accordingly, the improvement 
in the antenna design has been presented in the manufacturing and material embedded [3-6], mechanism 
configured [7-9], and network setted up in order to maintain or minimize the cost and energy, and improve 
the performance of new generation technology so that 5G criteria is achieved. 

In the manufacturing of antenna design, printing technology is one of the recent fabrication 
method that implemented where conductive ink is printed on substrate in a form of antenna pattern through a 
printer machine or printing equipment. Several methods have been reported are three-dimentional (3-D) 
printing [3], [10-12], but the material required that available in market has very low conductivity. While ink- 
jet printing [13, 14] 1s too expensive to be purchased even though in [3] and [13] state that the printing is 
low-cost, however the method only limited on flexible substrate and can not be used on flat substrate. 
According to these limitations, screen printing method is the most suitable for 5G antenna manufacturing 
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because another additional technique for conductivity enhancement after printing can be executed [15-17], 
able to utilize all kind of substrates [18-20] either flexible or flat, the equipment required is very 
low-cost [21, 22], producing high-resolution patterning [23] and fast. Screen printing is a mass-printing 
method realized by pressing an ink through a patterned stencil with a squeegee [23]. It has been widely 
employed for electronics and compatible with a wide variety of functional inks and substrates [23]. 
Furthermore, it can be used in fine patterning with less than 60 um of multilayer interconnection in integrated 
circuit but not suitable for thin film which less than 100um thickness. 

In this article, a SG graphene antenna is fabricated using screen printing method. A conductive 
graphene ink is printed onto a Kapton polyimide film substrate in antenna design pattern. A screen with mesh 
resolution of 120 um is used to print the antenna pattern for obtaining the precise printing result. The antenna 
was designed, optimized and simulated in computer software technology (CST) Microwave Studio. While 
measurement on reflection coefficient magnitude was done in wireless communication cente (WCC) 
anechoic chamber, Universiti Teknologi Malaysia and radiation patterned was completed in electromagnetic 
compatibility (EMC), Universiti Tun Hussein Onn Malaysia. Further detail of this article is, in section 2 
presents the antenna design with its specifications and the screen printing process. Then in section 3, the 
results and discussion cover the antenna characteristics such as reflection coefficient magnitude, bandwidth, 
radiation pattern, and gain. Finally, section 4 draws the conclusion. 


2. ANTENNA DESIGN AND SCREEN PRINTING METHOD 

The dimension of graphene antenna is shown in Figure I(a) and the fabricated graphene antenna is 
presented in Figure 1(b). It is design in co-planar waveguide (CPW) because of its simplicity and easy-to- 
fabricate during screen printing where the radiator or receiver element and the ground plane are printed on 
the same surface [24]. The CPW antenna design is selected because of the structure has low dispersion, the 
ability to control their characteristic impedance and their ease integration with active devices [2] thus suitable 
in the microwave integrated circuit (MIC) and monolithic microwave integrated circuit (MMIC) 
applications [26]. The patch antenna dimension is estimated by: 


Ww = —— (1) 
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where c is velocity of light, 3 x 10° m/s, f, is frequency and ¢, is dielectric constant. While the CPW 
transmission line is calculated by [26, 27] 


Wepw = 2G + W; (2) 


where G is gap width and W, 1s transmission line width to obtain 50 Q characteristic impedance. 

However, all the antenna dimensions are optimized while simulating on Computer Software 
Technlogy (CST) Microwave Studio. The optimizaed antenna size is 11.8 x 12.2 x 0.076 mm‘. A rectangular 
slot with chamfer is designed to reduce the total antenna size. Formerly, the slot between radiating patch and 
ground is 0.5 mm, gap width is 0.08 mm, and transmission line width is 4.66 mm, respectively. The antenna 
1s Operating at 15 GHz. In addition, the screen printed antenna 1s made by conductive graphene ink where the 
sheet resistivity is 0.003 to 0.008 Q.cm and film thickness is more than 0.1 um. The substrate used is Kapton 
polyimide film with dielectric constant of 3.5 at 1 kHz, loss tangent of 0.002, and 0.075 mm thick, 
respectively. 


12.2 mm 


11.8 mm 





3.77 mm 4.66 mm 3.77 mm 0.08 mm 


(a) (b) 


Figure 1. (a) The parameter length of the antenna design, (b) The screen printed antenna 
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The antenna design was sent to a manufacturer in a softcopy file to produce stencil, a wooden frame 
that containing of antenna pattern as shown in Figure 2(a). The frame was made by fabric and its resolution is 
120 um. Screen printing is conducted by placing Kapton substrate at the bottom of stencil with a spacer 
between stencil and substrate. The spacer thickness can be in range of 2 mm to 3 mm to avoid the substrate 
attach to the stencil while printing. The arrangement before screen printing is perfomed has been shown in 
Figure 2(a). Initially, the graphene ink is pasted on top of stencil near to the antenna pattern by using 
disposable dropper as shown in Figure 2(b). Then, the ink is spread through antenna pattern by forcing the 
squeegee rubber and pressing the stencil simultaneously as shown in Figure 2(c). Lastly in Figure 2(d), it 
shows the pattern result after screen printing. The printing process can be completed in less than 5 minutes 
excluding curing process on the graphene ink. However, this process can reach up to 45 minutes including 
curing process on the graphene ink since it is cured for 20 minutes to 30minutes between 250°C to 350°C. 
The cost of this printing is spent about RM 3000 including conductive graphene ink, substrate and printing 
equipments. The graphene ink purchased was bottled in quantity of 10 ml and it is lasting for more than one 
hundred times for single antenna fabrication. Hence, this fabrication is save. Since the curing temperature and 
curing time of the graphene ink are in certain range, the measurement result may vary and not exactly the 
same with the simulation as shown in resonance frequency, bandwidth which are in tolerance of 1 to 2 GHz 
as well as radiation pattern and gain obtained. 





(b) (d) 


Figure 2. (a) The arrangement of equipments while screen printing, (b) The deposited ink on stencil, 
(c) The best incline position of squeegee rubber is at 45°, (d) The graphene ink was printed on Kapton 
polyimide film substrate 


3. RESULTS AND ANALYSIS 

The operating frequency is designated at 15 GHz as a result of the available equipments which 
mostly have lower than 18 GHz. The reflection coefficient magnitude is simulated using CST Microwave 
Studio and measured on vector network analyser (VNA) in anechoic chamber of Wireless Communication 
Centre, Universiti Teknologi Malaysia. Both results are shown in Figure 3. The measured results show that 
the frequency of 5G graphene antenna using screen printing resonates at 15.04 GHz with bandwidth of 4.7 
GHz in the interval between 13.3 GHz to 18.0 GHz at -10 dB level or 30%. The measured bandwidth is 
larger than simulation which is 1.47 GHz in the between of 14.25 GHz to 15.72 GHz or 9.8%. The 
measurement result of resonance frequency is comparable in [27] which is using ferrite but it has narrow 
bandwidth whereas in [25] 1s using copper and has the same percentage of impedance bandwidth. 

The radiation pattern is measured at Electromagnetic Compatibility (EMC), Universiti Tun Hussein 
Onn Malaysia. With the purpose of study the radiation pattern at E-plane and H-plane, the comparison results 
between simulation and measurement are shown in Figure 4 (a) and (b), respectievely. It can be observed that 
the radiation pattern at E-plane has bidirectional while H-plane is omnidirectional. Two minor lobes appear at 
E-plane are caused by the presence of other element near to the antenna while measuring. The element is 
used to hold the antenna from dropping while rotating as the antenna is disconnected from SMA connector 
before measurement. From the results, the gain obtained for simulation and measurement are 2.39 dBi and - 
5.86 dBi, respectively. The measured gain is extremely lower than simulation because of the graphene 1s not 
well conductive while curing stage. The binder contained in the graphene ink may not fully decompose thus 
avoiding the conductive transformation to be form uniformly. In addition, the range of the curing temperature 
and curing time given by the supplier is not sufficient thus affected low gain and broader bandwidth. 
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Figure 3. Simulation and measurement of reflection coefficient magnitude 
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Figure 4. Simulation and measurement of radiation pattern at (a) E-plane and (b) H-plane. 


4. CONCLUSION 

A graphene antenna is successfully fabricated through screen printing method in this article. The 
antenna is designed for 5G application mobile devices. The measured bandwidth antenna is quite wide with 
30%. Radiation pattern of the antenna is simulated and measured. Then the comparison of both results are 
comparable. The curing stage after printing is the challenging process due to the uncontrol effect of 
temperature onto the graphene conductivity where it also directly affect the antenna result. Thus, it requires a 
further study on producing higher conductive graphene ink when use binder in order to obtain a better quality 
of graphene ink in the achieving of 5G criteria. In the future of 5G applications, a higher graphene conductive 
and curing in room temperature can be applied. The antenna then can be used for 5G antenna array applied in 
mobile devices. From this research, screen printing method is an alternative way to manufacture 5G antenna 
fastly in very low cost. 
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